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apparatus, method, o r  process disclosed i n  t h i s  repo r t  may not 

i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

( 8 )  Assumes any l i a b i l i t i e s  w i t h  respect t o  the use of, o r  for  damages 

r e s u l t i n g  from the use of  any information, apparatus, method o r  

process disclosed i n  t h i s  repor t .  

A s  used above, "person a c t i n g  on behal f  o f  NASA" includes any employee o r  

con t rac to r  o f  NASA, o r  employee'of such contractor,  t o  the extent  t h a t  such 

employee o r  cont ractor  o f  NASA, o r  employee o f  such contractor  prepares, 

disseminates, o r  provides access to, any informat ion pursuant t o  h i s  employ- 

ment o r  cont ract  w i t h  NASA, o r  h i s  employment w i t h  such contractor .  

Requests f o r  copies o f  t h i s  repor t  should be refer red to: 

Nat ional  Aeronautics and Space Admin is t ra t ion 
O f f i c e  o f  S c i e n t i f i c  and Technical Informat ion 
A t ten t  ion: AFSS-A 
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1.0 ABSTRACT 

From measurements made this quarter on cell 63, we have established that 

the cell enhfs o f  sodium amalgam concentration cells are independent of 

whether the electrolyte is liquid or gaseous. 

about 10 above the critical temperature. 

amalgam samples from three electrodes were recovered and analyzed, showing 

sodium concentrations of 15, 4.11 and O.5b mole percent. 

Cell 63 was run to 145OC, 

Though lost at 5 5 O C  upon cooling, 0 

The conclusion that the cell emf of sodium amalgam concentration cells is 

independent of electrolyte state is based on measurements of cells 58 and 

63 and has been predicted from theoretical considerations. 

ments verify the results of the analysis in the fifth quarterly report. 

These measure- 

Cell 69, a metal-amalgam insoluble-salt, was run to 100°C and cooled to 

room temperature. Its zinc and thallium electrodes were well enough 

behaved to allow observation of individual disturbances and to isolate 

their causes. In this cell, the two TI(Hg)/TICl2 electrodes were both 

more unstable and less reversible than the two Zn(Hg)/ZnCl electrodes. 2 

Two additional metal-amalgam insoluble-salt cells were run, producing 

little useful data. A new cell filling system has been designed and 

built, permitting the filling of from one to four cells simply, thus 

making the cell supply more responsive to the needs of the program. 

- 1  - 



2.0 EXPERIMENTAL 

2.1 CELL FILLING SYSTEM 

A new system ;ias been designed and b-lilt to reduce tiie c a l l  loss rate,  and 

increase the versatility and speed of filling. In t h e  new system we condense 

ammonia into the  c e l l  from the Sas +rase rather than dripping it in as  a 

liquid from a condenser. This ,  pius ti:e IJse of va lves  in a l l  the lines, 

simplifies the ccntrol and isolates each cell. 

The new system is set iip for filling 5s.r cells a t  one time. It i s  now 

practical to F i I l  a s  few as one or twc, c e l l s  to meet a specific need. A 

group of :3iir c2lls has been preyarzd a n d  filled o tl,is system witkout loss. 

The electrode cc?rnGc;sitions for titese ce l l s  are given in Table  1 .  

T'4BLE 1 

CCMPOSITION OF THE MET-\L-VMLGAM ELECTRODES 

DETERH I NED BY '<:E I GHT 

ELECTRODE CCtPOS I T  I ON MOLE $ METAL 
CELL 

A B C D 
~ - 

bl 1.77 Pb 2.48 T1 1.94 T I  2.13 P b  

b2 1.44 Pb 3.37 Cd 2.60 Cd 2.83 Pb 

69 2.35 TI 7.14 Zn 4.90 In 3.84 T1 

71 1.97 Pb 6.65 In 9.53 Zn 2.33 Pb 
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2.2 CELLS 61 and 42 

C e l l  bl f a i l e d  a t  37OC because o f  a glass  f law. 

gained because o f  the narrow temperature range (24' - 37'C) covered. 

emfs of t h i s  c e l l ,  which used Pb and T i  amalgam inso lub le -sa l t  electrodes, 

were except ional ly  small (e 0.05 v o l t s ) .  

and other  fa i lues,  we are c u r r e n t l y  analyzing the  cell  design. 

make several minor changes t o  improve the s t rength around the  electrodes. 

No usefu l  informat ion was 

The 

Because o f  the s i m i l a r i t y  of t h i s  

!:e expect t o  

Ce l l  62 (Table t I )  was unstable a t  room temperature. 

t o  15OoC t o  see i f  i t s  s t a b i l i t y  would be a l t e r e d  i f  the  e l e c t r o l y t e  were i n  

a gaseous s tate.  

and the  c e l l  f a i l e d  a t  9 0 ° C .  

emfs being unstable much of the t i m e .  

I t  was heated r a p l d l y  

No change was noted, so the temperature was dropped rap id ly ,  

The general behavior of t he  c e l l  was poor, the 

It was surmised t h a t  i f  the i n s t a b i l i t i e s  a t  room temperature were due t o  

bubble formation, then t h i s  e f f e c t  would be a l t e r e d  a t  h igh temperatures. 

F i rs t , the e l e c t r o l y t e  would be in  a gaseous s t a t e  so t h a t  there would be 

no surface tension to  const ra in  gaseous mater ia l  t o  remain next t o  e lect rode 

surfaces as bubbles. 

i n  the amalgam, the  r a t e  of e q u i l i b r a t i o n  might be r a p i d  enough a t  l5OoC SO 

t h a t  t he  amalgams would become more uniform and the  p a r a s i t i c  currents  would 

the re fo re  diminish,  Since no improvement i n  s t a b i l i t y  was noted e i t h e r  a t  

150 C o r  when t h e  temperature had been dropped s u b s t a n t i a l l y  below t h i s ,  t he  

c e l l  was abandoned. 

Second, i f  bubble formation were due t o  inhomogenity 

0 

-3- 
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2.3 CELL 63 

A sodium-amalgam concentrat ion c e l l ,  number 63, was run from 20 

and down t o  55OC. 

head seals, the  pressure dropped, and the  c e l l  ruptured. Samples of th ree  

of  the four  electrodes were recovered and analyzed. The emfs fo r  t he  s i x  

e lect rode p a i r s  were s tab le  t o  O.l$, both i n  the l i q u i d  and dense gaseous 

states, and genera l ly  consistent tiiroughout the e n t i r e  range. On heat ing 

t h i s  c e l l ,  temperatures were changed every one t o  two hours dur ing the  day 

t o  speed the  run so t h a t  e q u i l i b r a t i o n  was not as thorough as i n  some of 

the e a r l i e r  r m s .  

0 t o  146OC 

During the night, a leak developed i n  the  pressure vessel 

The heat ing data taken a t  t h i s  r a t e  were genera l ly  

compatible w i t h  t i le coo l ing  data. 

Using the  data from t h i s  c e l l  and c e l l  58, along w i t h  the ana y s i s  presented 

i n  the F i f t h  Quar te r l y  Report, one can conclude t h a t  e q u i l i b r  urn emfs o f  

sodium-amalgam concentrat ion c e l l s  a re  independent o f  e l e c t r o  y t e  s ta te .  

Measurements o f  both c e l l s  58 and 63 show t h a t  there i s  no change i n  the  

c e l l  emf i n  the  region o f  the t r a n s i t i o n  from the  l i q u i d  s ta te  t o  the  dense 

gaseous s ta te ;  i.e., around 133 C .  The der ived equation fo r  t he  emfs, E, 

of  such sodium amalgam concentrat ion c e l l s  i s :  

0 

RT 
F E = - I n  al/a2 

where T i s  the  temperature i n  OK, a and a are the sodium a c t i v i t i e s  i n  

the  t w o  amalgams i n  mole percent, and R and F are  the  gas and Faraday con- 

1 2 

n t h i s  expression. s tants .  There are no e l e c t r o  y t e  terms 

-5 - 



2.3.1 ELECTRODE AMALGAM ANALYSES 

Samples of three electrode amalgams Were analyzed by Truesdall laboratories 

in Los Angeles. 

The exterior surfaces of the sample containers were careful y cleaned and 

dried, and the containers with their samples intact were we ghed. 

samples were then transferred to standard taper flasks, and any residues 

remaining in the containers were washed into the respective flasks. The 

sample containers were carefully recleaned and dried and the sample weights 

determined by difference. 

The analyses were done as follows. 

The 

An exact amount of standard hydrochloric acid, the amount and normality of 

which was governed by the sample weights, was added to each flask. The 

flasks were agitated for 16 hours by means of a mechanical wrist-action 

rhaker. Blank samples were prepared and handled in exactly the same manner. 

At the conclusion of  the I b  hours, the samples and the blanks were back 

titrated with standardized NaOH, usin:. methyl red indicator. The amount 

of H C l  neutralized was determined by comparison with the corresponding 

blank. 

I 

I Since there was the possibility of sample contamination with NaNH2 which 
, 

would give erroneously high results, Nessler ammonia determinations were 

parformed on the neutralized solutions and applicable corrections made. 

3n!y sample D was found to contain ammonia in the solution. 



The results of  ti- iG analyses are 

Sodium Hydroxide, 
Samp 1 e Hole Percent 

B 15 .Ow* 

C 4.1 1 

D 0.56 

M The accuracy of this determination is questionable, since the total ssmple 

weight was only 10.3 milligrams and the titration was 0.09 milliliters of 

0.01 normal hydrochloric acid. 

2.3.2 The Sodium-Mercury Phase Diagram 

Before reviewing the experimental emf data, we shall examine the states of 

the various sodium amalgam electrodes. The compositions for clcctrodes 6, 

C and D are indicated on the phase diagram in Fig. 2. 

of electrode 8 is uncertain, it is in the correct direction. A s  pointed out 

in earlier reports, the concentration of sodium in the various electrodes 

generally increases progressively in going from D to C to B to A .  Both 

electrodes C and D should be in tibe single phase liquid region throughout 

the range of the experimental measdrements. I f  there are any discrepancies 

in the phase diagram or in the determined compositions, electrode C would 

cross from a two phase to a one phase liquid region at relatively low 

temperatures. Other than this possibility, both o f  these electrodes should 

then be single phase liquids throughout tile range o f  measurements. 

deviations in the emfs of the electrode pair DC from Eq. ( 1 )  may be due to 

shifts in equilibria between complex sodium species in the .amalgams. 

Although the composition 

Therefore, 

-7- 
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Although the  composition of e lect roda E i s  uncertain, i t s  genera1 l o c a t i o n  

on the phase diagram i s  a reasonable one. 

system f o r  a t  l eas t  much of the temperature range, it may requ i re  more e q u i l i -  

b r a t i o n  t ime than do electrodes C and 0. 

Since amalgam B i s  a two phase 

Unfortunately, amalgam A was not  recoverable. Amalgam A i s  undoubtedly more 

concentrated than the other amalgams because i t  was s o l i d  a t  room temperature 

dur ing preparat ion o f  the c e l l .  

emfs. 

concentrat ion sequence D-C-B-A. 

l o c a t i o n  o f  e lect rode A on the phase diagram, i t  i s  c e r t a i n l y  more con- 

centrated than e lect rode B,. 

This  can a l s o  be seen i f  one examines the  

The emfs a t  room temperature are i n  consistent agreement w i t h  the  

Although we have not y e t  estab l ished the  

2,3.3 Experimental Data 

The changes in  emfs o f  t he  three electrode p a i r s  i nvo l v ing  the  most con- 

centrated amalgam, e lect rode A (Table I I t  and Fig.  %, 3 B  and y), are of  

t he  order o f  200 t o  250 mv over the range of 20 t o  145OC. 

are we l l  behaved and the emfs vary in  a simple manner from 20' ( w i t h  the 

e l e c t r o l y t e s  i n  thd  l i q u i d  s tate)  t o  145 C ( i n  the dense gaseous s t a t e ) .  

The e lec t rode  p a i r s  A-C and A-D a re  both f a i r l y  l i n e a r  over the  range, whereas 

A-B has a we l l  developed curvature. A s  we saw i n  the l a s t  section, amalgams 

C and 0 a r e  both s ing le  phase l i q u i d s  whereas B i s  a two phase amalgam over 

most of t h e  range. 

unambiguously t h a t  there i s  no appreciable d i f f e rence  i n  behavior i n  the  

e q u i l i b r i u m  emfs o f  the c e l l s  t h a t  may be a t t r i b u t e d  t o  the  d i f f e rences  

These cIectrodes 

0 

The data f o r  these three e lect rode p a i r s  e s t a b l i s h  

-8- 



TABLE I I I 

MEASURED EMFS FOR SODIUM AMALGAM ELECTRODE CELL 63 

Elect rode Descript ion: A - Spongy So l i d  

B and C - L i q u i d  w i t h  brown laye r  1 mm th i ck  on top 

D - Clean l i q u i d  

T I M E  ELECTRODE 
HOURS C DA DC DB AB AC BC 

0 

2 

20.5 

23.5 
24 75 
43.5 
44 75 
46 75 
47.5 
48 2 5  
49 
49.5 
49.75 
50.5 
51 -75 
52.5 
53.5 
55 05 
58.5 
67.5 
73.5 
77.5 
79.5 
85.5 

22 +0.11781 
35 +O .1345 
40 +0.15019 

57 
67 +O ,1570 
79 +o .2278 
88 +O .2450 
97 +o .2560 

108 +o .2695 
120 +O .2874 
130 +O .3 104 

1 40 +o 3350 
137.5 +0.3292 
143.0 +0.3312 
144.2 +0.3304 
136 +O .3287 
129.2 +0.3044 
1 17.2 +o .2948 
102.0 +0.2656 
85.0 +O .23429 
88.8 +0.23615 
78.2 +0.22191 
68.6 +O .20793 
55.2 +0.18894 

+O .06299 1 

+O .06585 
+o .06856 

+O .07877 
+O .08426 
+o .08608 
+o .08602 
+O .0877 
+o .0889 
+O .8983 
+O .OgO47 
+O .OgO72 
+0.09212 
+0.09214 
+O .Og 195 
+o .09226 
+O .Og 1 57 
+O .09087 
+O .08930 
+O .086932 
+O .08647 
+O .08599 
+0.08561 

+o -079585 
+O . 08334 
+O .08707 

+o . oggooo 
+O. 1184 
+o. 1187 
+0.l lg8 
+O. 11752 
+0.1161 
+0.1134 
+O. 1137 
+O. 1141 
$0.11549 
+O. 1155 
+0.1166 
+o. 1178 

+o. 11991 
+O .12393 
+o .12067 
+o. 12021 

+O. 11874 
+O. 11503 

+O. 11905 

-0.038 1 45 
-0.05107 
-0.06308 

-0.09557 
-0.1077 
-0.1245 
-0.1368 

-0.1690 

-0.223 1 

-0.21 66 
-0.2 168 
-0.2 1 63 
-0.2131 
-0.1880 

-0.15324 

-0.1984 

-0.17603 
-0.14564 
-0.11032 

-0.10176 
-0.08936 

-0.1 1533 

-0.07383 

-0 -054733 
-0.06856 
-0.08 1 63 

-0.11515 

-0.1428 
-0.1569 
-0.1705 
-0.18296 
-0.1971 
-0.2242 
-0 2493 
-0.2425 
-0.2425 
-0.2420 

-0 2399 
-0.2 166 
-0.2035 
-0.1 7460 
-0,14500 
-0.14914 
-0.13552 
-0.12217 

-0.10328 

-0.016602 

-0.0 1 850 

-0.02003 

-0.01750 

-0.01 9 17 

-0.03446 
-0.03275 
-0. o 3 a p  
-0.02970 
-0.02790 
-0.02610 

-0.0260 1 

-0.02667 

-0.02865 

-0.02911 .. 

-0.0254 

-0.02584 

-0.02745 

-0.02739 

-0.03468 
-0.03378 
-0.03370 
-0.03275 
-0.02975 

-9 - 
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in l i q u i d - l i k e  versus dense gaseous-like p roper t i es  of  the e lect ro ly te ,s ince 

the  emfs increase r e g u l a r l y  w i t h  increasing temperature throughout the e n t i r e  

range. 

In the case of the  three e lect rode p a i r s  i nvo l v ing  amalgam A, t he  change in 

emfs over the ternpcrature range i s  large, being of  the  order o f  206 t o  250 

mv. 

In the value a t  h jgh  temperature t h a t  i s  s t r i k i n g l y  d i f f e r e n t  from the o the r  

p a i r s .  

The emfs o f  e lect rode p a i r s  not i nvo l v ing  e lect rode A a re  a l i t t l e  smaller 

( I S ,  60 and 80 mv), and the changes i n  emfs over the  temperature range are 

much smaller (20 t o  40 mv) than for the  "A" pa i r s .  The non-A p a i r s  e x h i b i t  

hystereses o r  changes o f  about 10 t o  30 mv below 80°C between the data c o l -  

l ec ted  a t  increasing versus decreasins temperatures. A poss ib le  explanat ion 

o f  the breaks i n  the B-C, 0-0, C-0 curves is lack o f  e q u i l i b r a t i o n .  

examines the  po in ts  where a quar ter  t o  one day i s  a l l oca ted  f o r  equilibration, 

the  behavior of t?,ese po in ts  seems t o  be adequate. T h i s  would i nd i ca te  t h a t  

v a r i a t i o n s  o f  the order of 10 mv are a t t r i b u t a b l e  t o  lack o f  thorough equi-  

i i b r a t i o n  i n  t i le  system. 

behavior noted f o r  e lect rode p a i r s  AB, AC and AD. 

A l l  t he  e lect rode p a i r s  are w e l l  behaved above 80OC. 

e a r l i e r  t h a t  the e q u i l i b r i u m  emfs a re  independent o f  t he  s t a t e  of the 

e l e c t r o l y t e  f o r  amalgam concentrat ion c z l l s  i s  therefore j u s t i f i e d  for a l l  

t he  e lec t rode  p a i r s  for the range o f  80 t o  145°C. 

The i n i t i a l  emfs may be small (40, 55 and 115 mv), but  i t  i s  the increase 

If one 

Var ia t ions o f  10 mv do not a f f e c t  the general 

The conclusion drawn 



2.4 CELL 69 (TL( HG)/TLCL2 AND ZN( HG)/ZNCL2 ELECTRODES) 

Ce l l  69, a metal-amalgam inso lub le -sa l t  c e l l ,  has been run t o  100°C and 

back t o  r o o m  temperature. 

t h i s  c e l l  was somewhat weaker than usual and the  expansion bulb was small. 

Though o f  on ly  average s t a b i l i t y  (*  1 mv), c e l l  69 was w e l l  beilaved. The 

T1-Zn p a i r s  a l l  have large emfs (Table I V ) .  

emfs yet  recorded on t h i s  program. 

the p o s i t i v e  emfs o f  t h i s  c e l l  are negative. 

This  was done because the glass envelope of 

These are  among the  highest 

The temperature c o e f f i c i e n t s  o f  a l l  

There are  several features of the emf data which permit conclusions t o  be 

drawn about p a r t i c u l a r  electrodes. 

amalgam A i n  common ( F i g .  &A, 46 and 4C), those p o i n t s  a t  45O, 61' and 

74 C are a l l  f a r  from the  expected values. This  disturbance d i d  not repeat 

i t s e l f  on cool ing.  F ig .  4C, 4E and 4F show an i r r e v e r s i b i l i t y  i n  e lec t rode 

D, the  other  t h a l l i u m  e lect rode.  

poor ly .  Both t h a l l i u m  electrodes were one-phase l i q u i d s  over tI;e e n t i r e  

range, as was e lect rode C, one o f  the  z inc electrodes. The other  z inc  

electrode, 8, was a two-phase amalgam below about 35 C, and a one-phase 

one above t h i s  temperature. The data are too  scat tered t o  show e f f e c t s  

2 due t o  t t t i s  feature,  It i s  evident from the  data t h a t  the Zn(Hg)/ZnCl 

e lect rodes were cons derably b e t t e r  behaved than were the  T1(Hg)/TICl2 

ones. 

I n  the three e lect rode p a i r s  w i t h  T1 

0 

Thus, bo th  TI(Hg)/TICI2 e lect rodes behaved 

0 

0 
A t  100 C the  electrochemical  response r a t e  of t h i s  c e l l  was Found t o  be 

much grea ter  than 1-1/2 hours f o r  a f IO C temperature change. 

e q u i l i b r i u m  requi red about 30 minutes a f t e r  a 10 C change i n  tcmpcrature. 

0 Thermal 

0 

- 1  1-  
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3.0 SMALL PRESSURE VESSEL HODIFICATIONS 

It was planned to modify the top closure of the small pressure vessel dur- 

ing this quarter. 

of the large and small vessels interchangeable, thus expediting the running 

of cells in both vessels.  A study of the existing bomb has shown that, 

though the modifications are possible, they w i l l  be too expensive. 

plan to continue to examine this problem as the ability to run two cells 

at once would accelerate the program. 

The planned modification would have made the closures 

We 

-13- 



4.0 SUMMARY 

Using c e l l s  58 and 63, we have estak,l ished t h a t  the  emfs o f  sodilrm amalgam 

conczntrat ion c e l l s  are independent o f  the s t a t e  o f  the e l e c t r o l y t e .  To 

complete t i : i s  phasc o f  the program, w2 are p lanning t o  t r y  t o  make a repro- 

duc ib le  r a f a r m c e  zlectrode, a d  then t o  make a f i n a l  set o f  measurements. 

Using a new c e l l  - f i l l i n g  system, we a re  now ab le  t o  f i l l  small numbers o f  

c z l l s  r a p i d l y .  

Previously, we prepared aboilt three months supply o f  c e l l s  a t  one t ime. 

plow we can prepare a new c e l l  f o r  the next run. 

ikasurern2nts cn  c e l l  69 st-!ow t h a t  a t  100 C the  electrochemical c q g i l i b r a t i o n  

a f t e r  a tmp:?ra tur r  change o f  10 C requi res more than 1-1/2 hours. A s  a 

r e s u l t ,  WE? ara now a l low ing  6 or more hours between readings where there  

i s  a temparaturc change. 

~ 

f !h is  w i l l  enable us t o  respond t o  cur ren t  data more r e a d i l y .  

0 

0 

-14 -  



5 .O NEXT QUARTER 

MeaSUren?entS will continue on t he  effect%-of the electrolyte state on the 

emfs of metal-amalgam insoluble-satr electrodes. 

\Je plan to try t o  develop a reference electrode for use in amnonia over this 

temperature range. 

s a l t  electrode. 

cell, and evacuate, 

sonIcs, since this generally leads to evolution o f  volatile contaminants, 

After this we will heae the electrode t o  mlt the lead. Then the cell will 

be f i l l e d  and Fealec! o f f  for measurements 

Our f i r s t  t r i a l  will be a pure metallic-lead insoluble- 

We will add PbC12 to metallic lead powder, seal o f f  the 

Ther. we will subject the cell (under vacuum) to ultra- 

Preparation cjf a paper 01: t h e  ndture of  Jmclniacai sciutions will be taw 

pteted and s u b m i t t i ~ d  fo r  pub1 i c d c i o n ,  


